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Abstract-Personal space can be defined as the physical distance between two individuals in a social environment. 
It varies from person to person depending on culture and context and there are significant individual differences too. 
Studying personal space includes the ability to recognize the various zones of involvement and the activities, 
relationships, and emotions associated with each zone. This paper tries to formulate and define personal space in 
high density crowd situations in Kumbh Mela, one of the world’s largest mass religious gatherings. Video data of 
pilgrims taking part in the Panchkroshi Yatra, a religious walkathon which is a part of KumbhMela, is used for the 
analysis of factors affecting personal space. To identify the thresholds of personal space, walking speed of 
individuals, gender, presence of luggage and the number of males and females surrounding an individual have been 
considered. It is found that the average speed of the individual, the group size,and the gender ratio of group 
members have a significant effect on the personal space of an individual. Also, it is observed that the personal space 
follows an asymmetrical pattern rather than a symmetrical pattern.  
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1. Introduction 
 Personal space is defined as the immediate space available to an individual for exercising his 
movements without causing discomfort to oneself and his/her immediate neighbour. Most of the literature 
on personal space either treats the personal space as circular in nature on the lines of [2] or studies the 
personal space intrusions at a psychological level from a medical perspective. [9] has defined personal 
space as the flight zone of a human with respect to other humans and the person steps away to reinstate 
the margin of safety when their personal space is violated. The complexity of personal space comes from 
the fact that its dimensions are affected by many factors like the context, personal relation, status, gender, 
culture, intentions etc. The concept of personal space is rooted in zoology and ecology [5], but it is an 
entirely different concept from that of territory.  
 
 In this study, our aim is to understand and define the concept of personal space in a mass 
religious gathering, especially at high density conditions. Kumbh Mela, where an expected 100 million 
people visits the area in a span of one month, is taken as the study scenario. The event exhibits different 
crowd scenarios ranging from low density single file movement to a tightly compressed torrent of 
pedestrians. The crowd scenario studied here consists of pedestrian flow in a confined space, where 
masses of people are trying to get to the destination with a defined purpose.   
 
While moving in a dense crowd, pedestrians adjust both speed and step length in such a way as to 
avoid collisions and to preserve their personal space. Personal space invasion is likely to increase 
physiological stresses and therefore individuals tend to maintain personal space zones to protect 
themselves. As far as a mass religious gathering is concerned, it is important not to have personal space 
intrusions since it can leave a threat for potential stampede, which may be caused due to possible 
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aggression. This study, thus, ascertains how behavioural and psychological aspects affect crowd 
situations, and the relevance of studying interpersonal distances in the context of mass religious 
gatherings. 
 
The upcoming section discusses the motivation behind pursuing the study. Data used for the study as 
well as analysis of personal space intrusions is discussed in Section 3. The last section concludes with the 
important findings of the study. 
 
2. Background and Motivation 
 
 Humans tend to maintain a certain distance from others as they are walking. This interpersonal 
distance is important as it creates a protective buffer zone in a human mind. It is natural to feel discomfort 
when other people intrude upon this safe bubble. It is more pronounced when the intruders are strangers. 
This feeling of uneasiness causes psychological stress and in the case of a mass gathering where it is 
unavoidable, this uneasiness can cause defensive reflexes.  It is imperative that these local disturbances do 
not affect the crowd and result in unfortunate incidents. 
  
 Over the last four decades, anthropologists and psychologists theorized that personal space was a 
zone maintained by individuals to keep others at a comfortable distance during different social 
interactions ([5],[12], [2]).Studies have also concentrated on personal space as a protective zone during 
locomotion that provides sufficient time to perceive environmental hazards, plan gait adaptations, and 
execute them. There are no studies about the way people use space in high density crowds. 
 
The effect of intercultural differences on personal space has received a fair attention from fields like 
social psychology, where the aim is to understand the differences in personal space between different 
ethnic groups. [4] interviewed people from different cultural backgrounds and shows that Anglo Saxons, 
and Asians uses larger personal space than Caucasians or Latinos.[2] described personal space as the 
region surrounding an individual where a person can touch or hold or grasp others with their arms 
extended, this is generally a distance of 45-75cm. [10] found that proxemic distance is greater in the rear 
(~120cm) than in the front and on the sides (~60cm each) using an experiment conducted with students. 
While [1] found that personal space is bigger in the front than in the rear, which even drops to zero in the 
rear if test subjects are not allowed to move their heads ([8],[11]).  
 
[6] hypothesizes that as the number of pedestrians increases, interpersonal distances reduce, and the 
walking group follows an inverted U-shape. Also, as the number of pedestrians increases, the number of 
direction changes while walking increases. However, most of the work reported is in situations of low 
density. The spatial pattern of the groups with respect to the alignment within the group, group size, 
group composition, and the effect of these proxemic variables on walking speed is investigated by [3]. It 
is observed that higher walking speeds are correlated with the mis-alignment within the groups. > 
formation, stair disposition, < formation prevailed more in groups compared to the aligned spatial 
arrangement. It is also noted that males preserve more interpersonal distance when compared to females. 
However, majority of these studies refrain from using locations of excessive social density, and hence fail 
to study the effect of changes in density on personal space violations and walking behavior. 
 
[7] explores the possibility of using a virtual environment rather than a physical experimental setup 
to study the personal space of adults while they were trying to circumvent a cylindrical obstacle in their 
path. However, most of the existing literatures study personal space within a laboratory setup, with 
controlled experimental conditions. The situation is vastly different in field where hundreds of people 
walk for long distances in extreme weather conditions, and the slightest provocation can result in 
unforeseen incidents. Therefore, the main focus of this paper is to understand the shape of personal space 
around an individual in a field setting, and to ascertain if it is symmetrical in nature. Further, an attempt is 
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made to understand the variables that are likely to influence the personal space intrusions in Kumbh Mela. 
          
3. Data description and analysis 
  
3.1 Data description 
Video data of pilgrims moving in the Ambodhya Stretch, which is a part of Panchkroshi Yatra, 
spanning five days was analysed. It is an annual religious walkathon where pilgrims take a circuitous 
route of 118 km around the city covering many temples and finally take a holy bath in the sacred river, in 
a limited span of five days. Fig 1 shows the screenshots of the study section.  
 
 
 
Fig. 1: Snapshot of the study section (Ambodhya stretch) 
 
A 15 minutes long video of unidirectional flow was observed, and a total of 102 groups were 
identified for analysis. The Traffic Data Extractor developed by IIT Bombay was used to track 
pedestrians. A central person was identified and then all the persons who were in the immediate vicinity 
of the central person were also identified. A group is then defined as this collection of central person and 
the surrounding persons.  
 
The central person within each group, gender of the central person and his/her neighbours, and the 
presence of luggage was additionally noted down. Of these 726 persons, 538 were females (74.10%) and 
188 were males (25.89%) and out of those people, 569 persons were carrying luggage (78. 37%). The 
entire sample was segregated into two groups; female centric group, and male centric group. Of this, 
almost 85% of the female centric group, and 55% of male centric group had head baggage. 
 
In many literatures, personal space is also perceived as a protective zone during walking: it allows 
people to perceive dangers and adapt their walking strategies to alleviate those hazards. Here, personal 
space is defined as the immediate space surrounding a person and enclosed by boundaries created by 
his/her immediate neighbours. This is based on the hypothesis that in a large mass religious gathering as 
Kumbh Mela, people are aware of the magnitude of the gathering. In such high densities, the concern to 
personal space intrusion would be the immediate surrounding rather than the people at the periphery. It is 
also hypothesized that the shape of the personal space would not be circular, mostly because the 
pedestrian flow is unidirectional. 
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3.2 Analysis and Results 
 
A group of pedestrians are identified from video, with the aim to analyze the personal space 
requirements of the pedestrian positioned at the centre of each group. The analysis of the personal space 
bubble as defined by the space around the central person is done from the time the central person enters 
the frame till the time the person exits the frame. The personal space around a person mostly follows an 
oblong asymmetrical pattern rather than a symmetrical one. This could be the result of the unidirectional 
flow of pedestrians along the walkway as hypothesized earlier. It is necessary to preserve a larger distance 
in the front rather than rear to ensure a comfortable walking gait. It is also observed that the central person 
tries to maintain the initial distance with all neighbours as they continue to walk through the section.  
 
Fig. 2: Histogram of personal space area  
 
Average personal space area of an individual is calculated as the area of the polygon obtained by 
connecting the coordinates of immediate neighbours. Fig 3 shows the frequency distribution of personal 
space area. The personal space follows a normal distribution with a mean value of 2.71m2. Personal space 
area ranges from 1.15m2 to 4.96 m2. The effect of the individual’s average speed, the number of 
neighbours, gender of the central person, ratio of same gender to the opposite gender in the group 
members, and presence of luggage on the personal space is modelled using linear regression. The 
parameter estimates, and t-stats are presented in Table 1. 
 
Table 1: Regression model parameter estimates 
 
Explanatory variable Parameter estimate Significanc
e level 
Constant -2.61 (-3.63) *** 
Average speed of individual 2.79 (4.62) *** 
Number of immediate neighbours 0.51 (7.08) *** 
Opposite gender to same gender indicator  0.62 (3.12) ** 
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Presence of head luggage 0.20 (1.04) - 
R2 0.60 
Adjusted R2 0.52 
Number of observations 60 
 
Based on the t-statistics obtained, it could be concluded that all the parameter estimates, except for 
head luggage, are found to be statistically significant at 95% confidence level, as all the t-stats are found 
to be greater than the tcritvalue of 1.96. As per the model, the average speed parameter estimate gives the 
marginal impact of the variable on the personal space, given everything else remains the same. For every 
unit increase in average speed, the personal space is expected to increase by 2.79 units, ceteris paribus. 
The gender of the central person was found to be negative, which indicates that females are willing to stay 
closer when compared to males. The same result has been reported from previous studies conducted in 
experimental settings. Head luggage was found to be insignificant. However, the variable is retained in 
the model as the authors feel that the variable contributes to a great extent in deciding the personal space. 
Another variable considered was an indicator variable which indicates the ratio of number of group 
members with opposite gender (with respect to the central person) to the number of group members with 
same gender. This variable was found to be significant and it indicates that people try to maintain a larger 
personal space when opposite gender dominates the surrounding group.  
 
However, the personal space requirements are likely to differ if the surrounding people are familiar. 
In such large gatherings, people may come together and stay as a group. Also, familiarity implies that 
they move around together. However, identifying such groups from video data is a difficult task. 
Common indicators used in identifying people belonging to a group include hand holding, eye contact, 
sharing a luggage between each other, or holding on to the same child. These interchanges between 
people are used as indicators but extracting such information even under medium density conditions is not 
trivial. In the recent past, clustering techniques have been employed to detect abnormal crowd flow 
patterns [14], group trajectories [13], and detection and tracking of dense crowds. The popularity of 
cluster analysis is that technique can cluster objects such that the members of each cluster are closer to 
each other than members of other cluster.  
 
Here, social groups are identified through clustering technique. The trajectory information is used to 
identify social groups in each frame using K-means clustering technique, a standard clustering approach. 
In this clustering technique, the data points are grouped into k-clusters (where k is the defined number of 
clusters). Here, the clustering is done by minimizing the Euclidean distance between the data points and 
the corresponding centroids. However, the clustering is sensitive to the initial position of cluster 
centroids. The optimal number of clusters is determined using the elbow method, where the point of 
inflection in the plot of sum of squared errors (SSE) for each value of k is taken to be optimal-k.  Further, 
social groups identified as per the visual observations are used to validate the identified clusters. Voronoi 
diagrams are constructed to delineate the clusters visually, such that each cell in the region corresponds to 
one social group. Such proximity diagrams are used quite frequently, wherein each of the cells is convex 
polygons, and this is further used to identify the personal space within each cell/group. Figure 3 shows the 
identified clusters for a few sample frames.   
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Fig. 3: Voronoi plots of clusters for different time frames 
 
 
Groups obtained are categorized as female-dyads, female-triads, female-quartets, and male-triads. It 
is seen that there is significant difference in the mean personal space requirements of all-female groups 
compared to all-male groups. (female-dyads: 0.26m, female-triads: 0.23m, female-quartets: 0.23m, and 
male-triads: 0.16m). This could be the result of several factors including the nature of the event, the 
crowd being female-dominated, and due to the differences between experimental and field conditions. 
 
4. Conclusion 
 The aim of this study was to define and understand the concept of personal space in a mass 
religious gathering. The analysis of trajectories of groups of people around a central person revealed that 
the shape of the bubble surrounding a person, i.e. the personal space is not symmetrical in nature. The 
bubble tapers in the longitudinal direction while maintaining approximately the same distance laterally on 
either side. This refutes the assumptions of circular personal space as reported in earlier literatures, 
especially in situations of medium density. It is also noted that as walking speed increases, personal space 
increases. This could in turn be the result of lower densities, which permit people to walk at a higher pace. 
A new insight from this study is the effect of the dominant gender group on the personal space. 
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 There is a lot of heterogeneity in the way people perceive personal space across different cultures 
and different backgrounds. In Kumbh Mela, a mix of urban, rural, and foreign population, either singly or 
in groups of different sizes, participate in multiple religious activities together. This heterogeneity reflects 
in how individuals set rules of personal space for themselves. For this reason, it is extremely challenging 
to model the personal space as perceived by an individual. It is in this context that the results from this 
study can be used as inputs to simulate pedestrian behaviour in large crowds. 
 
 Further work would include studying the variation of personal space in different locations and 
varying densities. Group composition is found to influence personal space. Taking this forward, the work 
can be extended to study the interrelation between group behavior and personal space in higher densities.  
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